We differentiated the histological changes induced by irradiation with ultraviolet-
Introduction
Recently, photodamage due to solar light, especially ultraviolet (UV) light, has become the focus of special interest because of ozone deple tion. UV light has a wavelength ranging from 200 to 400nm and is classified into 3 types, namely ultraviolet-A (UVA, 320 to 400nm), -B (UVB, 290 to 320nm) and -C (UVC, 200 to 290nm). UVC is prevented from reaching the earth by the ozone layer, but UVA and UVB do reach tht earth. While the amount of UVA reaching the earth has been described as 10 to 100 times greater than that of UVB, its potential to induce skin erythema in humans is thought to be 1,000 times less than that of UVB1. Each photon of short wavelength-UV light has enough energy to excite an electron and induce photochemical reactions, which damage the constituents of protein and nucleic acid and result in lesions in the skin and eyes2,3. Overexposure to solar light, particularly UVB, induces erythema, edema, suntan, sunburn dermatitis, and cancer in the skin and corneal damage and lens cataracts in the eye4-9. Animals are also reported to show retinal degeneration on exposure to UV light; many reports have de scribed UV light induced changes in the photorece ptor and retinal pigment epithelial (RPE) cells in monkeys10-12 , rats13, and mice14. Because mice lack yellow pigments in the lens, they are more sensitive to UV light than humans and easily develop retinal lesions15. Moreover, albino mice and rats are susceptible even to standard illumina tion used in animal rooms. These animals sustain retinal degeneration and/or cortical cataract16-19, with such damage reported at an incidence of 30% in Balb/c mice20.
Each structure of the eye is characterized by its absorption of light of a specific wavelength. The cornea is reported to absorb wavelengths from 200 to 295nm21-23 and to be most sensitive to those from 260 to 280nm3, because the radiant energy is completely absorbed in this range24, 25 . Photoker atitis has also been reported to be induced by UV light in this range15, 26 The lens contains chromo phores which absorb UV ranging from 295 to 400 nm3,21 In particular, light with a narrow wave length from 290 to 325nm causes acute cataract in primates3. Although only less than 1% of UV light is thought to reach the retina27, light of 320 nm or longer has been reported to induce retinal degeneration3,15 Therefore, UVA generally induces changes in the retina, but not the cornea24,25.
The primary target in a tissue is thought to be determined by a combination of exposure parame ters of UV light including wavelength, peak power, pulse width, pulse repetition rate, and total energy3. Although many reports have described photodamage in the eye and skin of animals, the characteristics of UVA-and UVB-induced his tological changes are difficult to determine from published reports because the exposure parameters and animal species used were different. Addition ally, few papers have reported the effects of different kinds of UV light at the same time. In the present study, we differentiated the histological changes induced by UVA and UVB light in the auricular skin and eye albino Balb/c mice. degenerated cells with slightly decreased cytoplas mic staining was markedly increased in the epider mis. The dermal changes were also enhanced and consisted of moderate neutrophil infiltration and mild edema ( Fig. 2 ). On day 8, necrosis of the epidermal cells was seen in small areas near the auricle tip and the horny layer was detached from the surface. The epidermis was thickened in the middle and root portions of the auricle, and the cells generally showed larger nuclei with several prominent nucleoli and were separated from each other by narrow spaces, particularly in the basal layer. The dermal tissue adjacent to the necrotic epidermis became necrotized in small areas, which were homogeneously eosinophilic and contained many nuclear fragments. In other areas of the dermis, histiocyte-like cells, fibroblasts and neutro phils were markedly increased in number, and a small number of eosinophils were also seen, while the edema became focal ( Fig. 3) . UVB: A 2-hr irradiation -produced degenera tion of epidermal cells, particularly at the auricle tip. There was severe edema with mild neutrophil infiltration and a remarkable degranulation of mast cells in the dermis. Mast cells were occa sionally degenerative and surrounded by neutro phils (Fig. 4 ). Blood vessels showed enlarged ance was seen mainly in the fundal POS of the retina in 2/10 eyes on day 2. These changes were associated with swollen RPE cells in the affected areas. Changes on day 4 were similar to those on day 2, with the PRE cells showing the most remarkable changes. The vacuolated PRE cells were slightly swollen and occasionally contained eosinophilic or brownish substances in the cyto plasm. Seven-day irradiation induced severe changes in 9/10 eyes. The changes on day 4 showed progression and the retina showed so called arcade formation, that is, partial detachment of the retina from the RPE cell layer with a wavy arrangement of the outer and inner nuclear layers (ONL and INL) ( Fig. 5 ). Cells migrating into the POS were swollen.
UVB: UVB irradiation produced marked changes in the other structures rather than in the retina. At 2 hr, corneal epithelial cells showed irregularly shaped nuclei, particularly in the cen tral area. Additionally, weakly eosinophilic sub stances were seen in the anterior chamber.
The corneal changes were exacerbated at 4 hr. The epithelial cells were dissociated from each other with a few necrotic cells (Fig. 6) , and the squamous cells were partially desquamated.
The stromal layer was slightly basophilic and thickend, being associated with neutrophil infiltration in the marginal area. At 8 hr, the coneal epithelial cells was necrotized in all layers, and some eyes showed many vacuoles distributed close to the Bowman's membrane.
The corneal stromal and endothelial cells lost their nuclei. Moreover, some animals showed necrosis of the iris tip and pyknosis or disappearance of nuclei in the lens epithelial cells at the front areas. On day 2, the corneal epithelial cells were proliferated and more multilayered than the control eyes. In addition to neutrophil infiltration, vascular penetration into the stroma was seen at the marginal areas of the cornea. Many lens epithelial cells had fragmented nuclei and small cytoplasmic vacuoles at the bow areas.
On day 8, fibrillar substances and a small number of neutrophils were observed in the anterior cham ber and vitreous, and the anterior chamber was somewhat narrowed. The necrosis of the iris and lens epithelial cells also became more prominent, and vacuoles sometimes developed at the bow areas in the lens (Fig. 7) . In contrast, retinal changes were scarce and mild, with vesiculation of the POS observed in only 1 eye each on days 2, 4, and 8. severe changes in the epidermis and dermis than UVA, a finding thought to be due to the higher energy of UVB light3. Although the infiltration of lymphocytes and monocytes rather than neutro phils after irradiation with UVA and UVB, respec tively, has been described in human skin6,28,29, these were not seen in the mice of the present study.
Although the chromophore which initiates inflammation is unclear, reactive oxygen species (ROSs) and lipid peroxide are thought to be involved in UV-induced skin changes30. These are associated with the breakdown of the native antioxidant protection system, which in the skin includes glutathione, catalase, and superoxide dismutase (SOD)31,32. UV irradiation damages many kinds of cells and constituents in the epider mis and dermis33. Epidermal keratinocytes have been reported to release histamine, cyclo oxygenase and lipoxygenase-derived products of arachidonic acid, and various cytokines6. In the present study, epidermal cells were injured by both UVA and UVB, and the difference in the dermal changes by these irradiations is of interest. In the dermis, fibroblasts have been described as acces sible target for UVA34 and endothelial cells for UVB29. UVA irradiation was shown in vitro to stimulate the synthesis and release of interleukin-6 from human fibroblasts, which induces the release of collagenase through an autocrine mechanism35,36. In the present study, however, no apparent change in fibroblasts was observed simul taneously with neutrophil infiltration in the early phase after UVA irradiation.
This may mean that neutrophils migrate out of blood vessels in response to damage to fibroblasts or other cells undetectable by light microscopy. On the other hand, UVB has been reported to stimulate endoth elial cells to secrete various cytokines and chemical mediators and express the adherent molecules for inflammatory cells29. Moreover, activated mast cells themselves release free radicals37 as well as 
